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Giant	Radio	Galaxy	(Bassani	et	al.	2016)	

•  22’	à	1150	kpc	(PA~139°)	

PBC	J2333.9-2343		



PBC	J2333.9-2343		

Classified	as	Seyfert	2	in	the	opHcal	
à	z=	0.0475	(Parisi	et	al.	2012)	



PBC	J2333.9-2343		

SwiN/XRT	observaHons	
à Unobscured	at	X-rays	

à type	1	?	(Parisi	et	al.	2012)	



PBC	J2333.9-2343		

At	radio	frequencies:	
à	ROMA	BZCAT	(Massaro	et	al.	2009)	
à  jet	in	VLBI	at	8.4	GHz	(Ojha	et	al.	2004)	
à Blazar	WISE	colours	(D’Abrusco	et	al.	2014)	
à PolarizaHon	(Ricci	et	al.	2004)	

	 	it	seems	a	Blazar!		
	



		and	…a	Giant	Radio	Galaxy	

PBC	J2333.9-2343		



San�Pedro�Martir�Telescope�

Data�

VLBA�



PBC	J2333.9-2343		
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Power	law	with		
varying	normalizaHon	

	(16%):	
	

Γ	=	1.78[1.77-1.80]	
NH	=	2.4[2.1-2.7]	x	1020cm-2	

logL(2-10	keV)	~	43.7	

Two	observa'ons:	
2015-05-15	(23	ksec)	
2015-11-17	(25	ksec)	

Hernández-García	et	al.	(2017)	



PBC	J2333.9-2343		
Two	observa'ons:	

2009-09-18	(3.6	ksec)	
2015-11-07	(5.4	ksec)	

2009�

2015�

ANer	subtracHon	of	the	
10	Gyrs	old	galaxy	populaHon…	

	
Broad	Hα	component		

à Seyfert	1.9	

Hernández-García	et	al.	(2017)	



PBC	J2333.9-2343		
One	observa'on	(16/11/2015):	
8.4	GHz	(72	ksec)	
15	GHz	(119	ksec)	
24	GHz	(162	ksec)	

2009�

2015�

Hernández-García	et	al.	(2017)	

8.4	GHz		 15	GHz		 24	GHz		

One	sided	jet:	
•  α	j,8-15	=	-0.5	
•  OpHcally-thin	synchrotron		
•  Θ	<	40°	
	

•  Compact,	variable,	bright	core	
•  αc	=	0.40	-	S(ν)	~	ν+α	
•  OpHcally-thick	regime	
•  PA~133°	



PBC	J2333.9-2343		

One-zone	leptonic	model	
(Ghisellini	&	Tavecchio	2009)	

	
SSC	predicts	a	Fermi	detecHon	

à	EC	
	

MBH~108M¤ 

	Ldisc/LEdd=1.3e-4	
	

Jet	observed	at	small	angles:		
Θ	=	3-6°	

	
	
	

Hernández-García	et	al.	(2017)	



Hernandez-Garcia	et	al.	2017	
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à small angle! 

DeprojecHon	
à	Super	giant	radio	galaxy?	

	
											13	Mpc!!!!!!!	

	
Largest	giant	radio	galaxy	4.69	Mpc						

(Machalski	et	al.	2008)	
	
	
	
	



THE REACTIVATING NUCLEUS OF PBC J2333.9-2343 
 from giant radio galaxy to blazar! 

 
 

Hernandez-Garcia	et	al.	2017	
-1.0 -0.5 0.0 0.5 1.0

M
ill

iA
rc

 s
ec

on
ds

MilliArc seconds
30 25 20 15 10 5 0 -5

5

0

-5

-10

-15

-20

-25

-30

à small angle! 



Denney-Thorpe	et	al.	2002		

X-shaped radio-sources 

Double-double radio-sources 

AGN RESTARTING ACTIVITY 

PBC	J2333.9-2343:	an	
extreme	case	of	

reac'va'on		

Jet	orientaHon	changes	predicted	by	
major	mergers,	minor	interacHons,	
instabiliHes	in	the	accreHon	disc,	etc.		
(e.g.,	Tchekhovskoy	et	al.	2016)	

XRG	J0702+5002	at	512	MHz	
(Roberts	et	al.	2015)	



San�Pedro�Martir�Telescope�

Data�

New�Technology�Telescope�

New	Data!	

SPM, Mexico

à Three spectra

NTT,Chile

à One spectrum

Swift/XRT

à Eight spectra



2009

2015

2016

2016

SPM, Mexico

NTT, Chile

NLR
BLR
Outflow
Total

Variations in the 
broad lines 

Hernández-García et al. 2018	



Hernández-García et al. 2018

…that follow variations in X-rays 
and opt-UV continuum  
(60% variations) 

Changing	type	from	Type	1.9	to	Type	1.8	
Jet	–	clouds	interacHons	(Raiteri	+2008,	Leo-Tavares	+2013)	

Collisionally	exited	or	shocked	gas	
produce	intense	UV	and	soN	X-rays	



NLR
BLR
Outflow
Total
Brodened component in all 

narrow lines 
 

σ	(OIII)=1919±301	km/s	
	

modest	blueshiN	of	347±187	km/s	
	

maximum	velocity	of	
|∆v|+2σ=4230±660	km/s	

 
 

à Large scale (NLR) 
outflow! 

 
…2 sigma variability 



Ou~low	parameters	

	
Mass	ou~low	rate	M(dot)=2.3	M¤/yr	
KineHc	energy	Ek=1.3x1043	erg/s	
	
	

Fiore	et	al.	2017	

Outflow à interaction between 
the jet and the ambient 
medium (Couto et al. 2015, 
Emonts et al. 2005)	



Blazar	core	in	a	giant	radio	galaxy	
	
à  RestarHng	acHvity	+	jet	re-orentaHon?	
	
Broad	lines	variable	and	narrow	
broadened	components	
	
à	jet-cloud	interacHon	

PBC	J2333.9-2343	in	summary:		

Keep monitoring…. 
(New VLBA, GMRT, 
Effelsberg, Swift/XRT, 
optical…)	



Thank you! 







Schoenmakers	et	al.	2000	

Denney-Thorpe	et	al.	2002		

X-shaped radio-sources 

Double-double radio-sources 
AGN RESTARTING ACTIVITY 

PBC	J2333.9-2343:	an	
extreme	case	of	

reac'va'on		

Jet	orientaHon	changes	
predicted	by	major	
mergers,	minor	
interacHons,	instabiliHes	
in	the	accreHon	disc	
(e.g.,	Tchekhovskoy	et	
al.	2016)	


